The visual system has an extraordinary capability to extract categorical information from complex scenes. Age-related deficits in visual temporal processing have been found with both low-level and high-level stimuli. However, it is unknown to which extent those deficits extend to the processing of complex scenes. Here, we investigated the temporal characteristics of natural scene categorisation in healthy ageing. Using a backward masking paradigm, we asked young-old (aged 59-70), old-old (aged 70+) and younger adults (18-31 years) to perform a go/no-go task, in which they had to respond to images of animals whilst ignoring images of landscapes. Both age groups were overall faster and more accurate in responding to the target images as the stimulus onset asynchrony (SOA) between target image and mask increased. Older adults, especially those in the old-old group, were significantly less accurate than younger adults for short SOAs but performed equally well at long SOAs. However, we found no age-difference in reaction times. Our findings suggest that the temporal processing of complex scenes is impaired in healthy older adults independently of reduced motor abilities. They also indicate that such deficits in natural scene categorisation become more evident with increasing age. Our findings might have important implications for the wellbeing of older adults and road safety in general.
Introduction
Healthy ageing in the absence of neurodegenerative diseases is accompanied by a variety of perceptual changes, including those related to vision (Andersen, 2012; Owsley, 2011) . It has been well documented that many aspects of visual perception decline with healthy ageing, for example, vernier acuity (Pilz, Kunchulia, Parkosadze, & Herzog, 2015; Roinishvili, Chkonia, Stroux, Brand, & Herzog, 2011) , spatial contrast sensitivity, (e.g., Owsley, Sekuler, & Siemsen, 1983; Elliott, Whitaker, & MacVeigh, 1990; Owsley, 2011) , luminance processing (Sloane, Owsley, & Alvarez, 1988; Sloane, Owsley, & Jackson, 1988; Bieniek, Frei, & Rousselet, 2013; Schefrin, Tregear, Harvey, & Werner, 1999) , or motion processing (Bennett, Sekuler, & Sekuler, 2007; Billino, Bremmer, & Gegenfurtner, 2008; Hutchinson, Arena, Allen, & Ledgeway, 2012; Norman, Ross, Hawkes, & Long, 2003; Roudaia, Bennett, Sekuler, & Pilz, 2010) .
Age-related changes in motion perception have been found to be especially profound but the underlying mechanisms are up too now not very well understood. However, it has been suggested that age-related changes in motion perception are related to changes in the ability to integrate information across space and time, spatial and temporal processing, respectively (Roudaia et al., 2010) . Roudaia et al., for example, tested age-related changes in apparent motion perception. They varied the inter-stimulusinterval between two successively presented frames of randomdots, and the spatial displacement between dots in both frames. Interestingly, they found that older adults performed less accurately than younger adults on large spatial displacements and long inter-stimulus intervals.
Another tool to study the timing of information processing in the visual system are visual masking paradigms. In such paradigms, the visibility of a target stimulus is reduced by the presentation of another spatially overlapping stimulus, the mask, which is presented in close temporal proximity to the target stimulus. Typically, the shorter the stimulus-onset-asynchrony (SOA) between the target and mask, the larger the masking effects. What is more, masking effects have been found to be more pronounced in older adults (Atchley & Hoffman, 2004; Pilz et al., 2015; Roinishvili et al., 2011) . In fact, the hypothesis that older adults have difficulties with spatiotemporal integration was recently confirmed by studies that tested vernier acuity using the shine-through masking paradigm (Pilz et al., 2015; Roinishvili et al., 2011) . Roinishvili et al. (2011) and Pilz et al. (2015) asked participants to indicate the offset direction of a vernier -two vertical bars of which the lower bar is either offset to the right or left compared to the upper bar. A masking grating comprising of aligned verniers was presented after the vernier and SOAs were measured -the time between http://dx.doi.org/10.1016/j.visres.2017.06.012 0042-6989/Ó 2017 Elsevier Ltd. All rights reserved.
vernier onset and grating. SOAs were largely increased for older compared to younger adults. Such increased SOAs suggest longer processing times for older adults, and indeed, using more complex masking gratings, Pilz et al. (2015) found large age-related deteriorations in spatial and temporal processing.
Age-related changes in visual temporal processing have also been found with other paradigms such as attentional blink (Lahar, Isaak, & McArthur, 2001 ) and rapid serial visual processing tasks (RSVP; Georgiou- Karistianis et al., 2007; Maciokas & Crognale, 2003; Lahar et al., 2001; Lee & Hsieh, 2009) .
The studies cited above mainly test visual temporal processing related to lower-level visual abilities, i.e., vision relating to early visual processes including the processing of simple lines or motion pattern. However, recently a vast amount of research has concentrated on age-related changes in high-level temporal visual abilities. That is, higher-level visual stimuli with a closer relevance to real life such as natural scenes, faces, animals or objects. It has been shown that older adults have difficulties processing highlevel visual information such as objects (e.g., Boutet & Faubert, 2006; Pilz, Konar, Vuong, Bennett, & Sekuler, 2011; Remy et al., 2013) and faces (e.g., Rousselet et al., 2009; Maguinness & Newell, 2014) , or biological motion (e.g., Norman, Clayton, Shular & Thompson, 2004; Agnew, Phillips, & Pilz, 2016; Billino et al., 2008; . For biological motion stimuli, for example, it has been shown that older adults need longer presentation times to discriminate the walking direction or between different actions (Norman, Payton, Long, & Hawkes, 2004) or emotions (Spencer, Sekuler, Bennett, Giese, & Pilz, 2016) of point-light actions. However, the extent to which deficits in temporal processing affect the perception of more complex and relevant stimuli such as natural scenes is relatively unknown. To our knowledge, only one study has so far investigated natural scene processing in ageing, however, concentrating on spatial frequency processing rather than temporal processing changes. Ramanoël, Kauffmann, Cousin, Dojat, and Peyrin (2015) asked younger and older participants to perform a categorisation task (indoor vs. outdoor) on low and high spatial frequency scenes. Results showed that older adults categorised the scenes less rapidly than younger adults, but their performance only deteriorated when categorising high spatial frequency scenes.
The visual system has an extraordinary capability to extract categorical information from complex natural scenes (e.g., Johnson & Olshausen, 2003; Thorpe, Fize, & Marlot, 1996; Vanrullen & Thorpe, 2001) . For example, participants are able to categorise the gist of a scene as a forest, beach or city in just a few milliseconds (e.g., Renninger & Malik, 2004; Schyns & Oliva, 1994) , and are able to rapidly detect the presence of object categories such as faces, humans, animals or vehicles in briefly presented scenes (Rousselet, Macé, & Fabre-Thorpe, 2003; Thorpe et al., 1996; Vanrullen & Thorpe, 2001) . The ability to rapidly detect the content and gist of a scene is very important in everyday life, because it allows us to quickly assess essential information. For example, when crossing the street, we need to be quickly aware of cars or cyclists, and when driving or cycling ourselves, it is important to quickly detect pedestrians that are about to cross the street.
As mentioned previously, temporal processing of older adults has been shown to decline, however scene perception is a temporal ability that has sparsely been investigated. Commonly, masking paradigms are used to study temporal processing of low-level, i.e., vernier acuity, but not high-level visual abilities. As an extension of this research, this study used a backward masking paradigm to assess the time course of visual processing of natural scene categorisation in older adults.
Bacon-Macé, Macé, Fabre-Thorpe, and Thorpe (2005) , for example, used backwards masking to investigate the time course of visual processing in natural scene categorisation in younger adults.
In their study, participants performed a go/no-go task, in which they had to respond to target images of animals whilst ignoring distractor images of landscapes. Bacon-Macé et al. (2005) found that visual processing on the high-level categorisation task was affected by masking, only at shorter SOAs (<25 ms). After 44 ms the mask had little effect on scene categorisation with participants exhibiting high accuracy levels. These results indicate that, except at very short SOAs, masking has relatively little effect on scene perception, thus highlighting the rapid and efficient nature of our human visual system at detecting and categorising scenes.
Previous studies have shown that age-effects are most prominent in adults older than 70 years of age (Hommel, Li, & Li, 2004; Potter, Grealy, Elliott, & Andrés, 2012; Trick & Enns, 1998) . Therefore, to assess whether temporal processing of natural scenes differs across the older adult lifespan, we compared age-related changes in young-old (aged 59-70) and old-old (aged 70+) participants to performance of younger adults (aged < 31).
Using the same masking paradigm and procedure as BaconMacé et al. (2005), we investigated age differences in visual temporal processing of natural scene categorisation. We anticipated that the mask would have a much larger and longer lasting effect on older, particularly those aged 70+ years, compared to younger adults, similar to previous studies on temporal processing as described above. Deficits in the categorisation of natural scenes could have tremendous effects on older adults' quality of life and wellbeing, because such ability is required for so many daily tasks. Therefore, our results have important implications not only for the wellbeing of older adults, but also public safety.
Methods

Participants
41 younger participants (M = 20 years; SD = 1.8; Range = 18-31; 9 males), 19 young-old (M = 64 years; SD = 2.5; Range = 59-69; 5 males) and 14 old-old participants (M = 77 years; SD = 3.0; Range = 70-83; 2 males) took part in the experiment. Participants were recruited from the student population and the Psychology Participant panel of the University of Aberdeen. All participants were naive as to the purpose of the experiment and satisfied the following visual criteria: normal or corrected to normal visual acuity of at least 20/16 (measured by the ETDRS logarithmic vision chart), score within the normal range on the Pelli Robson Contrast Sensitivity test (1.5-2.00/2.5; Pelli & Robson, 1988) , and no colour vision deficiency (measured by the City University Colour Vision test). Also, all older participants had visited an ophthalmologist or an optometrist within the past three years and were free of glaucoma, strabismus, amblyopia, macular degeneration or cataracts. Older participants completed the Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005) , a screening measure for mild cognitive impairment. All participants' scores were within the normal range (range 26-30/30). Age-groups did not differ significantly in education years (younger: M = 13.8, young-old: M = 14.8, old-old: M = 15.1). Participants were reimbursed for their time with £5/ hour or course credit. Informed consent was received from each participant. The experiment was approved by the local ethics committee and experiments were conducted in accordance with the Declaration of Helsinki.
Apparatus
The experiment was conducted on an Apple Mac Mini with MATLAB under the Psychtoolbox extension (Brainard, 1997; Pelli, 1997; Kleiner, Brainard, Pelli, Ingling, Murray & Broussard, 2007) . Stimuli were presented on a 19 in CRT Dell monitor (model M993S), with a resolution of 1024 Â 768 pixels and a refresh rate of 100 Hz. Participants were seated in a darkened room at a distance of approximately 52 cm and viewed the stimuli binocularly.
Stimuli, task and procedure
The procedure and mask for the backward masking task was adapted from Bacon-Macé et al. (2005) and a full description of the task can be found in their paper. Stimuli were 800 grey scale images of both animals and natural scenes (selected from www. freeimages.com database) displayed on a black background, 600 Â 400 pixels in size. Half of the images contained a varied selection of animals (mammals, insects, fish, reptiles or birds) and served as targets. The apparent size of the images was 27.8°Â 25.4°. The distractor images contained a wide range of unanimated scenes including natural landscapes and man-made objects.
To construct the mask, filtering a white noise image at four different spatial scales generated a pool of 16 images. From this pool, a sequence of 8 images was randomly chosen to create the dynamic mask used in this study (Fig. 1) . Each experimental trial began with a white fixation cross displayed in the middle of the screen. The duration of the fixation cross was randomly chosen between 600 and 900 ms on each trial to avoid anticipated responses. The target image (animal) or distractor image (landscape) was then displayed for 10 ms, followed by the mask stimulus. Mask duration varied with eight different values used for stimulus onset asynchrony (SOA) between the image and mask (10, 20, 40, 60, 80, 100, 120 and 140 ms) . All images in the mask were presented for 100 ms, resulting in a total mask duration of 800 ms. It should be noted that in comparison to the current study, the original Bacon-Macé et al. (2005) paper used longer SOA values. This is largely due to the fact that we adjusted our SOA values based on the monitor refresh rate, however with the inclusion of older adults we felt it was also necessary to extend the two longest SOAs. After the presentation of the mask, participants were instructed to release the space bar on a QWERTY keyboard within 1 s if the image contained an animal and maintain pressure if it did not. After the response period, a fixation cross appeared in the middle of the screen with instructions asking participants to hold the space bar down to begin the next trial. Similar to Bacon-Macé et al., we analysed both accuracy and median reaction times (RT) for total go (all trials in which participants made a response), correct go (hits; all trials participants correctly responded to an animal image) and incorrect go (false alarms; all trials participants incorrectly responded to a landscape image).
All participants performed one block of 10 practice trials to become familiar with the stimuli and task. Participants did not see the pictures before the experiment and training pictures were not used in the main experiment. For the main experiment, there were 40 trials per SOA, resulting 80 trials per block and a total of 320 trials. For each SOA there were equal numbers of target and distractor images and on any given trial no image was repeated. Within each block, target and distractor images were presented randomly intermixed. Fig. 1 shows a diagram of the trial sequence.
Results
Participants were asked to respond to images of animals whilst ignoring images of landscapes. To summarise the results, overall, older adults were less accurate and less responsive in the conditions where the mask was close in temporal proximity to the stimulus, compared to younger adults. This effect was more pronounced for the old-old group, in that adults in the young-old group were generally more accurate at responding to the target image, compared to those in the old-old group. Reaction time results revealed no age differences. In general, all age groups were faster and more accurate in responding to the target images as SOA increased.
Visual acuity and contrast sensitivity
An independent samples t-test showed that visual acuity was significantly worse for the old-old (M = 1.0, SD = 0.16) compared to younger (M = 1.2, SD = 0.27) adults (t (54) = 2.8, p = 0.008). However, there were no differences in visual acuity between the young-old (M = 1.1, SD = 0.24) and younger adults (t (58) = 1.4, p = 0.155), or between the older age groups (t (32) = 1.4, p = 0.183). It should be noted that all older adults were above the cut-off of 0.8. In addition, an independent samples t-test also revealed that contrast sensitivity was significantly worse for both old-old (M = 1.7, SD = 0.13; t (54) = 4.7, p < 0.001) and young-old (M = 1.8, SD = 0.12; t (58) = 3.6, p < 0.001) compared to younger adults (M = 1.9, SD = 0.16). Again however, all older adults were above the cut-off of 1.35. Similar to visual acuity, there were no differences in contrast sensitivity between the older age groups (t (32) = 1.6, p = 0.183). There were no significant correlations found between performance on the backwards masking task, visual acuity or contrast sensitivity for any of the age-groups. Fig. 2 shows mean percentage accuracy for younger and both groups of older participants (young-old and old-old) across all trials. Descriptive data are shown in Table 1 and inferential statistics are shown in Table 2 .
Overall accuracy
A 3 (age) Â 8 (SOA) ANOVA revealed significant main effects of age (F (2,71) = 13.7, p < 0.001) and SOA (F (7497) = 54.7, p < 0.001), and a significant age Â SOA interaction (F (14,497) = 4.2, p < 0.001). Posthoc independent samples t-test revealed that in comparison to younger adults, both older age-groups were significantly worse at responding to the target images in the three shortest SOA conditions (10, 20 and 40 ms; Table 2 ). Interestingly, this effect was more pronounced for older adults in the old-old group with significant differences also being found at SOA 60 ms and 80 ms (Table 2 ). In addition, post hoc analysis revealed that older adults in the old-old group were less accurate, compared to those in the young-old group, at SOA 20, 40, and 80 ms (and a marginally significant difference at 60 ms; Table 2 ). Fig. 3 shows mean percentage ''go responses" for younger and both groups of older participants, including total go (all trials in which participants made a response), correct go (hits; all trials participants correctly responded to an animal image) and incorrect go (false alarms; all trials participants incorrectly responded to a landscape image). Descriptive data are shown in Table 3. A 3 (age) Â 3 (response rate -total go, correct go and incorrect go trials) Â 8 (SOA) ANOVA revealed significant main effects of age (F (2,71) = 16.5, p < 0.001), SOA (F (7497) = 150.8, p < 0.001) and response rate (F (2142) = 1213, p < 0.001), which were further qualified by significant interactions for age Â SOA (F (14,71) = 18.6, p < 0.001), age Â response rate (F (4,71) = 21.9, p < 0.001) and SOA Â response rate (F (14,994) = 121.2, p < 0.001). Finally, the ANOVA revealed an age Â response rate Â SOA significant interaction F (28,71) = 11.8, p < 0.001). To further assess this three-way interaction, we carried out 3 separate repeated measures ANOVAs, one for each response rate condition (total go, correct go and incorrect go).
Response rates
In the total go condition, we found a significant main effect of age (F (2,71) = 16.5, p < 0.001), overall both groups of older adults responded less than younger adults, and a main effect of SOA (F (7497) = 151.2, p < 0.001), all participants responded more with increasing SOA. In addition, we found a significant SOA Â age interaction (F (14,71) = 18.6, p < 0.001). Post-hoc independent samples ttest revealed that both groups of older adults responded less than younger adults in conditions where the mask was close to the stimulus (SOA 10, 20, 40, 60 and 80 ms), but there were no significant age differences in the three longest SOA conditions (100, 120 and 140 ms; Table 3 ). The ANOVA did not reveal any significant age differences in overall response rate between the young-old and old-old participants.
In the correct go condition, we found a significant main effect of age (F (2,71) = 38.5, p < 0.001), overall both groups of older adults made less correct responses to the target images than younger adults, and a main effect of SOA (F (7497) = 177.1, p < 0.001), all participants made more correct responses in the longer SOA conditions (SOA 100 -140 ms) than in the shorter SOA conditions (SOA 10-80 ms). In addition, we found a significant SOA Â age (F (14,71) = 18.5, p < 0.001) interaction. Post-hoc independent samples t-test revealed that both older age-groups made less correct responses to the target images than younger adults in SOA conditions 10-100 ms. However, this age effect was more pronounced in the old-old group with significant differences also being found at SOA 120 ms. In addition, the older age-groups did not differ significantly in their correct response rate.
Finally, in the incorrect go condition, we found a significant main effect of SOA (F (7497) = 5.4, p < 0.001), and a significant SOA Â -age (F (14,71) = 2.2, p = 0.006) interaction, post hoc independent samples t-test showed that both groups of older participants made less incorrect responses than younger adults, only in the shortest SOA condition(10 ms). These results were confirmed by a d-prime analysis (Supplementary Tables 1 & 2) .
Reaction times
We analysed median reaction times. Fig. 4 displays means of the median correct reaction times for younger and both groups of older participants. A 3 (age) Â 8 (SOA) ANOVA revealed a significant main effect of SOA (F (7497) = 60.9, p < 0.001), in that participants' reaction times were faster at responding to the target images with increasing SOA. However, the effect of age (F (2,71) = 0.895, p = 0.413) and the age Â SOA (F (7497) = 1.2, p = 0.251) were not significant.
Discussion
Previous studies have found age-related deficits in temporal processing of both low-level (Pilz et al., 2015; Roinishvili et al., 2011; Roudaia et al., 2010) and high-level visual stimuli (Boutet & Faubert, 2006; Rémy et al., 2013; Rousselet et al., 2009; . Whether these deficits extend to the temporal ability of scene perception, is however unknown. Using the same backwards masking paradigm and procedure as BaconMacé et al. (2005) the current study investigated age-differences in the temporal aspects of natural scene categorisation.
Participants saw images that were backward masked with a dynamic mask at SOAs between 10-120 ms, and had to respond to images that contained animals, whist ignoring images of landscapes. Overall, participants were faster, and more accurate in responding to the target images as SOA increased. Also overall response rates increased with increasing SOA. These results are consistent with the findings of Bacon-Macé et al. who found in younger adults, decreased performance in shorter SOA conditions on the same high-level categorisation task. The authors also noted that after 44 ms the mask had little effect on scene categorisation with participants exhibiting high accuracy levels; this too was the case for our younger adults.
As anticipated, older adults performed worse than younger adults in the conditions in which the mask quickly followed the target image. This decrement in performance was most pronounced in adults in the old-old group. Whilst, the young-old group performed worse at SOA 20-40 ms, the old-old group also exhibited decreased accuracy at SOA 60 and 80 ms. Accuracy levels also differed between the two older age-groups, in that adults in the young-old group were overall better at responding to the target image, compared to those in the old-old group. Performance did not differ between the age-groups in the three longest SOA conditions (100, 120 and 140 ms). The results from our study are not too surprising given that previous studies on visual temporal processing have similarly found age-related decline. For instance, both Roinishvili et al. (2011) and Pilz et al. (2015) found large age-related deteriorations in spatial and temporal processing when testing vernier acuity using the shine-through paradigm. What is more, our findings indicate that older adults need longer to process natural scenes, which is in line with previous research that has shown older adults need longer to process both low-level visual stimuli, such as apparent motion (Roudaia et al., 2010) , and high-level visual stimuli such as biological motion (Agnew et al., 2016; Pilz et al., 2010) .
It has been debated that ageing is accompanied with a general slowing of motor, cognitive and perceptual functions (e.g., Birren, 1965; Birren, 1974; Birren & Fisher, 1995; Cerella, 1985; Cerella & Hale, 1994; Li & Lindenberger, 2002; Salthouse, 1996) . Many other previous studies have especially highlighted slower reaction times in older compared to younger adults (Gorus, De Raedt, Lambert, Lemper, & Mets, 2008; Gottsdanker, 1982; Welford, 1977) . It could be argued that such general slowing might be responsible for the decline found in scene categorisation in older adults. However, surprisingly, reaction times did not differ between age-groups. The fact that we employed a go/no-go task might have contributed to our reaction time results. Typically, go/no-go tasks require participants to either respond by pressing or releasing a single key. Other paradigms assessing temporal processing, such as RSVP tasks, often require multiple key presses. The simplicity of the response keys in the go/no-go task may have speeded older adults' reaction times.
Previous research by Quigley and colleagues using a similar task also found no significant reaction time differences between younger and older adults, when studying feature-selective attention using random dot kinematograms (Quigley, Andersen, Schulze, Grunwald, & Müller, 2010) , or using a complex RSVP type task to study spatial selective attention (Quigley, Andersen, & Müller, 2012) . Therefore, our reaction time results are not that surprising.
Similarly to accuracy, we also found large age-differences in response rates. To clarify, we measured total go (all trials in which participants made a response), correct go (all trials participants correctly responded to an animal image), and incorrect go trials (all trials participants incorrectly responded to a landscape image). Overall, older compared to younger adults were less responsive and made less correct responses in the conditions where the mask was close to the target image. However, this effect extended to the longer SOA conditions for the old-old group. A number of past studies, especially those investigating visual search changes, have reported that age-differences become more evident in senior older adults (Hommel et al., 2004; Potter et al., 2012; Trick & Enns, 1998) . Therefore, larger age effects for our old-old participants, compared to those in the other age-groups is in accordance with previous research. All age-groups exhibited response rates below 9% in the incorrect go condition, i.e., the landscape images. Surprisingly, both groups of older adults performed better than younger adults at the shortest SOA condition, i.e., they had lower false alarms for landscape images. These results show that older adults generally responded more cautiously at short SOAs and highlight their deficit for short temporal parameters, i.e., they are unable to discriminate animals from landscape scenes as well as younger adults the shorter the SOAs. These results were confirmed by a dprime analysis that showed lower sensitivity for older adults at short SOAs, which was more pronounced for old-old adults. A number of studies have shown that older adults' visual acuity deteriorates, and optical abilities have been shown to affect performance in perceptual and cognitive tasks. Therefore, it could be argued that participants, particularly older adults, were not able to see the local features of the animals, contributing to their reduced response rate and poor accuracy levels. However, it is unlikely that our findings were driven by optical factors. As stated previously, all participants had normal or corrected to normal visual acuity and scored above 0.8 on the logarithmic vision chart. Also, all agegroups scored above 1.35 on the Pelli Robson Contrast Sensitivity test (Pelli & Robson, 1988) . Therefore, we can exclude that the described age differences in scene categorisation are mainly due to optical factors.
The same cannot be said with regards to spatial resolution, however. Recently, it has been reported that older adults exhibit a specific deficit in categorising natural scenes (indoor vs. outdoors) based on high spatial frequencies (Ramanoël et al., 2015) . Therefore, it is possible that the spatial frequency order in the dynamic mask may have influenced age-related differences in scene categorisation. Likewise, we cannot exclude the possibility that our results were influenced by the temporal frequency of the mask. Further research will be necessary to investigate whether such relationships exist, and if so, to what extent.
In the context of driving, our findings have important implications, because the detection of road users relies heavily on fast and accurate scene perception. For instance, the stopping distance of a car when travelling at 30 mph is 75 feet, however with an increased thinking distance of 100 ms this results in the car travelling approximately 44 feet further. This is a tremendous increase in travelling distance, which can have fatal consequences, and will be even enhanced when travelling at faster speeds. It has to be noted that there are large individual differences in driving abilities across ages (e.g., Ball & Owsley, 1991; Ball, Owsley, Sloane, Roenker & Bruni, 1993; Langford & Koppel, 2006; Horswill et al., 2008) , and large individual differences in performance within age groups in our study. Therefore, it is important to not draw any particular conclusions from our study on driving abilities based on age alone. To more specifically assess the effects of age-related decline in scene categorisation for road safety, it would be interesting and important to conduct a study based on individual differences using driving related scenes rather than animals and landscapes.
In conclusion, the results of the current study are the first to illustrate that age-related deficits in visual temporal processing extends to the ability of scene perception. Older adults had difficulties detecting and categorising animal and landscape scenes when shown in close proximity with a dynamic mask. The age-related deficit became more pronounced with increasing age. Most importantly, our results indicate that older adults' ability to categorise natural scenes is delayed for at least 100 ms compared to younger adults'. The lack of age-effects on reaction times suggests that our findings are mainly due to a decline in visual temporal processing rather than a decline in motor abilities. Our findings might have important implications for the wellbeing of older adults and road safety in general.
